In this study, three strains (domestic [D], Laval [L], and Rupert [R]) of brook trout (Salvelinus 26 fontinalis) and their reciprocal hybrids were reared from 7 to 21 months of age in three different 27 environments (indoor, constant temperature conditions; indoor, seasonal temperature variations; 28 outdoor, seasonal temperature variations) to test for the occurrence of heterosis of important life history 29 traits also of interest for production (body mass, length, condition factor, absence of early sexual 30 maturation, survival). For each cross, body mass, length, and mortality were measured at regular 31 intervals and sexual maturity was assessed in 1+ animals (21 months of age). We found evidence for 32 heterosis in mass and length that varied according to strain, cross direction in reciprocal hybrids, 33 developmental stage, or environment; no significant outbreeding depression was detected for these 34 traits. Heterosis expression for weight varied from 4.9% to 23.8% depending on hybrids and 35 environments. We found that one out of five reciprocal hybrids tested (L ♀ R ♂ ) expressed heterosis at 36 each age stage throughout the experiment in the three environments while the other four had mixed 
for each family in these two environments. At Pisciculture de la Jacques Cartier, all fish were captured 201 and counted at the end of the experiment and the relative mortality determined for each cross-type. 202
203

Statistical analysis 204
Data normality and homogeneity of variance were tested with the Kolmogorov-Smirnov and the 205 Brown-Forsythe tests respectively. Mass data (log), condition factor (rank), and all percentage indexes 206 (arcsin) were transformed to obtain normality and account for heteroscedasticity. Since body mass and 207 length were highly correlated (r = 0.98, P < 0.05), we only tested models using body mass. 208
209
To test for the presence of heterosis (objective 1), hybrid performance was compared to the 210 performance of parental strains using ANOVAs and post-hoc tests. We used a conservative approach 211 and considered that heterosis was present only when hybrids significantly outperformed both parental 212 strains. Mass and condition factor were analyzed using two linear mixed models: 213
Model A 214 is the effect of the jth environment; C k is the effect of the kth cross-type, all of which were fitted as 217 fixed effects as well as their interactions; F kl is the effect of the lth full-sib families nested in kth cross-218 types fitted as a random effect; and e ijkl is the random residual effect. Model A includes the two 219 environments, ISMER and LARSA, at each age stage while model B includes the three environments 220 at two age stages (17 and 21 months). The a posteriori Tukey's HSD tests applied on least square 221 means were used to detail significant factor or interaction effects. Sexual maturity and survival were 222 analyzed using two-way ANOVAs with environment and cross-type as factors. The a posteriori Tukey 223 test was used for mean comparisons when possible or replaced by the Games and Howell test when 224 variances were not homogenous (Sokal and Rohlf 1981) . 225
226
When the presence of significant heterosis or outbreeding depression was found, the intensity was 227 expressed in percentage according to Shikano and Taniguchi (2002) : 228
where f 1 is the mean performance of the F 1 hybrids and m the mean performance of parental strains. To 230 test for the effects of cross direction (objective 2) and environment (objective 3) on the intensity of 231 heterosis, we either took into account the presence or absence of significant heterosis, or when 232 heterosis was present in both reciprocal hybrids or for a same hybrid in different environments, the 233 intensity was compared with ANOVAs. 234
The relative importance of additive, dominant, and epistatic genetic interactions in determining the 236 performance of hybrids were calculated according to Wu and Li (2002) and based on the partitioning of 237 the phenotypic variance of the full-sibs F 1 into each component of the variance. 238 Body mass differed among environments, age stages and cross-types (significant interaction, P < 0.001; 258 Table 2 ). The mixed models explained a large proportion of the total variance with an adjusted R 2 of 259 the two other strains in all three environments (P < 0.05; Table 3 ). In the constant temperature 264 environment at LARSA, the Rupert strain was significantly heavier than the Laval strain (P < 0.05; 265 Table 3 ). At ISMER, such a difference could only be observed at 17 months of age (Table 3) . 266 267 When hybrid body mass was compared to those of their respective parental lines, heterosis was present 268 but varied according to the type of hybrid cross; no outbreeding depression was observed (Tables 3 and  269 4). The D ♀ R ♂ hybrid was intermediate to the values measured for the two parental strains in all three 270 environments (Table 3) and never expressed heterosis. L ♀ R ♂ hybrids were significantly heavier than 271 their two parental lines (P < 0.01; Table 3 ). They also expressed heterosis at each age stage and in all 272 three environments (Table 4) . Globally, the intensity of heterosis expressed by L ♀ R ♂ hybrids was 273 higher at ISMER than at LARSA (14.6 ± 1.5 vs. 10.2 ± 1.0; df =1, F = 6.6294, P = 0.011) and 274 decreased over time, i.e., the intensities in 18-and 21-month-old fish were significantly lower than in 275 9-, 11-, 13-and 15-month-olds (df = 6, F = 4.0388, P < 0.001; Interaction site × age stage: P > 0.05). In 276 contrast, R ♀ L ♂ hybrids were usually intermediate to their parental lines, except for 17-and 21-month-277 old animals, which were significantly heavier than their two parental lines in the two environments 278 with less controlled rearing conditions, i.e., ISMER (17 month-old only) and the fish farm (Table 3) . 279
The intensity of heterosis expressed by the R ♀ L ♂ hybrids was similar in both LARSA and ISMER 280 environments for 17-month-old animals, similar between 17-month-old and 21-month-old animals at 281 the fish farm, and similar to the heterosis intensity expressed by the L ♀ R ♂ hybrids when occurring 282 simultaneously at the farm and at ISMER (P < 0.05 for all statistical comparisons). The D ♀ L ♂ andenvironments (ISMER and the fish farm) and presented no heterosis (Table 3) . However, under 285 constant temperature at LARSA, L ♀ D ♂ hybrids were significantly heavier than the two parental lines 286 (P < 0.05; Table 3 ) and expressed heterosis, but only starting at 15 months of age. The intensity of 287 heterosis did not vary over time (df = 3, F = 0.2544, P > 0.05; Table 4 ). In contrast, the reciprocal 288 hybrid D ♀ L ♂ , remained intermediate to its parental lines and never expressed heterosis (Table 3) . 289
290
The calculated dominance ratio (d/a) revealed that hybrids expressing heterosis also had a high 291 dominance ratio and seemed therefore to be more susceptible to non-additive than to additive effects 292 (Table 5) Even though some hybrid crosses differed from parental lines at certain ages or locations, the effects of 300 hybridization on condition factor were less consistent and marked than those for mass; we thus only 301 present results for mass. The occurrence of sexual maturity varied among cross-types (P < 0.05; Fig. 1)  302 and was also greater in males than in females (P < 0.001). However, there was no significant effect of 303 rearing environment, and no significant interaction between environment, sex and cross-type on the 304 expression of early sexual maturation (df = 14; F = 0.65; P = 0.82). The percentage of early sexual 305 maturation was significantly higher in the domestic strain (more than 25%) than in the other two pure 306 crosses (less than 10% in both Laval and Rupert) (P < 0.001; Fig. 1 ). In hybrids, the percentage of 
Family effects 364
Within cross-types, significant family effects were present; some families expressed strong and 365 significant heterosis, while others did not (data not shown). Such differences among families have also 366 previously been observed in carp (Moav and Wohlfarth 1976), rainbow trout (Salmo gairdneri; Klupp 367 1979) , and guppy (Shikano et al. 2000) . However, familial variability was lowest in the L ♀ R ♂ hybrid, 368 which constantly expressed significant heterosis, while in most other crosses, even though some 369 families expressed heterosis, there was no significant outperformance when the cross-type was 370 considered as a whole. Shikano et al. (2000) explained that such family differences could result from 371 differences in the degree of genetic differentiation among parental strains. As already demonstrated by 372 Martin et al. (1997) , the Rupert and Laval strains were the most genetically distant. 373
374
Environment interaction 375
Genomic influence on performance and heterosis expression is also dependent on environmental 376
conditions. The environment may modify gene expression as previously shown for the physiological 377 pathway of growth in brook trout (Côté et al. 2007) . Here, such a modification by the environment wasmore important in the L ♀ D ♂ hybrid, which expressed heterosis only in the constant temperature 379 environment. Therefore, heterosis expression in this hybrid seemed to be phenotypically plastic. 
